A percolation network of the edge states in an artificial potential of a gate-controlled antidot lattice has been studied in a high magnetic field. The longitudinal resistance of the antidot lattice shows a boxlike behavior in certain ranges of the magnetic field, because of the reflection of the topmost edge state by the saddle potential between two antidots. The riser between zero and quantized resistance shows a temperature dependence due to the broadening of the percolation transition by inelastic scattering. The shift of the transition point in magnetic field with the temperature is found to originate from the mixing between Landau levels due to the inelastic scattering. It allows us to separate the exponent of the scattering mechanism and the critical exponent in the localization-delocalization transition. ͓S0163-1829͑98͒00232-X͔
INTRODUCTION
The nonzero longitudinal resistance in the quantum Hall regime is currently understood in terms of percolation through the two-dimensional electron gas ͑2DEG͒ along the contours of the disordered potential. In a network model of the electron trajectories, one-dimensional transmission lines are connected by saddle points, where scattering or tunneling between the lines can occur. 1 If the electron energy E is larger than the saddle-point potential E c , the electron is transmitted past the potential hill, whereas if EϽE c the trajectories are repelled by the saddle point, and electrons move around the potential valley. However, for EϭE c tunneling processes must be taken into account, as electrons can jump between different transmission lines. At this energy, it is possible for the electrons to percolate through the sample, leading to the finite resistivity risers in the transition regions between different quantum Hall plateaus. In other words, close to E c there exists a narrow ''tunneling'' band of width ⌬ t ϭ⌫(l/) 2 , where ⌫ is the width of the Landau level, l is the magnetic length, and is a correlation length of a random potential. Within this band quantum tunneling effects must be taken into account. In this case the localization length loc diverges as ͉EϪE c ͉ Ϫ␥ , where ␥ϭ 7 3 . 2 Outside this band (͉EϪE c ͉Ͼ⌬ t ) the quantum effects play no role, and percolation becomes classical. In this case the electron scatters between transmission lines, which form the percolation cluster with a characteristic length p . The size of the percolation cluster diverges according to the universal law p ϳ(EϪE c ) Ϫ4/3 . 2, 3 In the quantum regime the interference between electron waves is responsible for the localization. It brings an energy scale ⌬ c into the problem, within which the localization can be considered in terms of the phase-breaking length. A scaling analysis of the diffusive transport 4 shows that the transition between localized-delocalized states is determined by the condition
where L in is the phase-breaking length due to the inelastic scattering. The second energy scale ⌬ c can be determined from Eq. ͑1͒. Because of the existence of the two energy scales, the behavior of the system should depend on the ratio ⌬ c /⌬ t . 5 Thus, only for ⌬ c /⌬ t Ӷ1 and kTӶ⌬ t is relation ͑1͒ valid, and ⌬ c exhibits universal scaling behavior ͑in accordance with the definition in Ref. 5 , this is the case of a short range potential͒. Otherwise, the width of the conductance peak grows linearly with temperature. 5 However, for a shortrange potential, even if the universal scaling condition ͑1͒ is fulfilled, the temperature dependence of the transition region is not universal, but depends on the inelastic scattering:
with ϭp/␥, where p is the exponent of the scattering mechanism. Different physical situations and theoretical approaches predict different temperature dependencies of the transition region:
for diffusive transport, 4 ͑b͒ ϭ2/␥, if in ϳT Ϫ2 for Landau electron-electron scattering mechanism in clean metals, 2, 6 ͑c͒ ϭp/␥, if in ϳT Ϫ p for electron-phonon scattering mechanism with pϭ1 -4, depending on the temperature and magnetic-field range, 4, 7 and multifractality of the electron wave function. 7 In contrast to the case of the noninteracting electrons, a quantum percolation model with Coulomb interactions gives a dynamical scaling exponent equal to 1, 8 which leads to ͑d͒ ϭ1/␥. Finally, for hopping transport in the short-range scattering case ͑e͒ ϭ1/␥ has been obtained. 9 Early experiment of the temperature dependence of the transition between two Hall plateaus and the half width of the diagonal resistance xx demonstrated a ''universal'' exponent ϭ0.42Ϯ0.04. 10 However, later it was found that depends on the doping level, varying from 0.4 to 0.8.
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This nonuniversality of the critical exponent has been interpreted as interplay between different scattering mechanisms, 6 or by the influence of the mobility on the electron-phonon scattering. 7 More recently this nonuniversal behavior of has been explained as a transition from a short-range to a long-range potential regime. In this case ӷ1, so for realistic temperatures kTӷ⌬ t , and the width of the conductivity peak grows linearly with T, which gives Ϸ1 in relation ͑2͒. 5 However, firm evidence is somewhat elusive, partly because the temperature dependence only measures the composite exponent , and does not separate the interaction and the percolation exponents.
The network model also implicates that the transition between different quantum Hall phases will result in a temperature-independent, universal value of the conductivity xx ϭe 2 /2h at the critical percolation point. 12 In a singleelectron picture this result can be traced to the fact that tunneling gives an equal probability for moving along any equipotential line connected by the saddle point, but it has also been verified in the fractional quantum Hall regime, 13 as well as in Monte Carlo studies. 14 The first correct estimation for the peak value and the ratio of two successive peaks based on the quasiclassical approach has been done in Ref. 15 . However, experimentally no evidence for this universal character of the magnetoresistance has been found, and instead a large variation between different samples ͑even from the same wafer͒ has been found at low temperatures. 10, 16 In some recent theoretical studies explanations have been offered why the universality has not been observed. It has been suggested that the interaction between edge states belonging to different Landau levels can result in an effective levitation of the energy levels. 17, 18 The temperature dependence of the interaction would then shift the percolation point, so that no temperature-independent resistance value would be observed. In order to explain the absence of any universal resistance value at very low temperatures, Ruzin, Cooper, and Halperin, have suggested that the cause may be small, macroscopic inhomogeneities in the impurity potential. 19 In view of these negative experimental results, and the theoretical propositions, we have studied the transition between different quantum Hall states, using a sample with a gate-controlled array of antidots that creates a smooth, homogeneous, artificial impurity potential. The general behavior of the magnetoresistance is similar to that of a quantum point contact, or a sample with a finger gate, in that a sufficiently large gate potential can reflect the edge state belonging to the highest Landau level, leading to a quantization of both the longitudinal resistance as well as the Hall resistance. In contrast to the normal R xx risers, the quantized resistance displays two percolation transitions instead of one. The onset of the R xx quantization on the low magnetic-field side corresponds to the percolation threshold as the Fermi level passes the energy of the saddle points between the antidots, whereas the high-field transition is the same as that of the Hall plateau transition, when the Fermi level passes through the percolation energy for the unpatterned part of the sample. We find that the transitions to the quantized longitudinal resistance show evidence of energy levitation, which can be accounted for by looking at the derivative dR xx /dB. Because the weak levitation depends on the interaction between two edge states, the present investigation seems to offer a path towards measuring p and ͑and thus ␥͒ independently. From these measurements we conclude that electron-electron scattering is responsible for the smearing of the localizationdelocalization transition.
EXPERIMENTAL DETAILS
Two types of structures were investigated. The first consists of GaAs/Al 1Ϫx Ga x As double quantum wells ͑well width, 50 Å; barrier widths, 25 Å͒ with a 2DEG of density n s ϭ4ϫ10 11 cm 2 and mobility 70-100ϫ10 3 cm 2 /V s. In these, the small well and barrier widths lead to a large separation between the symmetric and asymmetric energy levels, approximately 6 meV higher than the Fermi level in the structures (E F ϭ14.5 meV above the lowest level͒. Hall measurements and Shubnikov-de Haas oscillations show that only the lowest, symmetric level is occupied, and the behavior of the sample is identical to the behavior of a heterojunction 2DEG. Hall bars were patterned on the samples, using conventional lithography and etching techniques. A lateral superlattice ͓periodicity 0.4 m ͑sample A͒ and 0.5 m ͑sample B͔͒ containing a macroscopic number of antidots (10 5 ) was fabricated in the center of the device between the potentiometric probes, using electron-beam lithography to pattern the PMMA resist, which was then covered by a gold gate. The physical diameter of the antidots is 0.1 m. The ballistic mean free path of 0.6-0.8 m, is larger than lattice periodicity. The second type of sample was a single heterostructure with the same electron density but with higher mo-bility (500ϫ10 3 cm Ϫ2 /V s). This sample (C) has a disordered antidot lattice with an average periodicity of d ϭ0.7 m and a mean deviation of the antidots from the periodical position of 0.2 m. Magnetotransport measurements were carried out in the mixing chamber of a dilution fridge ͑Tϭ50 mK to 1 K͒, using standard low-frequency lock-in techniques at 6.7 Hz, and with an excitation current 10 nA and lower. A magnetic field BϽ15 T was applied normal to the 2DEG plane.
RESULTS AND DISCUSSION

A. Resistance quantization
With zero gate bias V g the samples reveal the usual quantum Hall effect. However, at Tϭ50 mK, when applying a negative or positive gate voltage, the peaks in the longitudinal resistance R xx broaden at the low or high magnetic-field sides, respectively, and exhibits plateaus with the resistance minima close to zero between them. Figures 1͑a͒, 1͑b͒, and 1͑c͒ show the dependence of R xx and R xy on B for the three different voltages for sample A. The R xx plateaus are quantized with the same accuracy as the quantum Hall plateaus ͑the relative precision in our measurements is approximately 10 Ϫ3 ). For all the observed resistance plateaus, the transition from zero to the quantized value has the same width as a width of the riser between two Hall plateaus at zero gate voltage. Increasing V g results in a wider plateau. When measuring the resistance as a function of gate voltage at a fixed magnetic field, one quantized plateau is observed for each field ͑Fig. 2͒. The resistance starts to be quantized at V g Ͼ0.1 V, for both positive or negative voltages, and remains unchanged, until, at high negative V g a dramatic, approximately exponential increase in the magnetoresistance is seen. The threshold gate voltage for this increase is lower for higher magnetic fields. For V g ϽϪ1 V the resistance plateau as well as the Shubnikov oscillations are completely smeared out.
All observed plateaus have a resistance value equal to h/Le 2 , where L is an integer specific for each plateau. The maximum value of L, which we found for the high-mobility sample, is 20 for a negative gate voltage and 24 for a positive V g . It is possible to relate the integer L to the number of bulk Landau levels, using the equation
if we assume that M is the number of levels transmitted through the antidot lattice. It is then found that M ϭNϮ1 for positive and negative voltages, respectively, if spin splitting is resolved, and M ϭNϮ2 for unresolved spin splitting. Thus, taking into account whether the spin-splitting is resolved or not, we have a situation where either all conducting channels can pass the antidot lattice ͑for small V g ), one channel is rejected from the lattice (͉V g ͉ sufficiently large to form a plateau͒, or all channels are rejected from the antidot lattice, and the sample turns into an insulator (V g ϽϪ1 V). It is not possible to observe 2,3,4, . . . channels being rejected. This is verified when sweeping the gate voltage for a fixed field.
It is possible to give a qualitative interpretation of the boxlike behavior of the resistance. For a negative gate voltage, all edge states may pass the saddle points if the Fermi level lies close to the first unoccupied Landau level. This is equivalent to the picture for the quantum Hall effect in macroscopic samples with a smooth disordered potential, when the Fermi level lies in between the bulk Landau levels. Because of the absence of any backscattering, longitudinal resistance is equal to zero. As the magnetic field is increased, the edge states around the antidots start to overlap, resulting in a nonzero probability of interedge state scattering. If the saddle point completely reflects the top Landau level ͑the outer edge state around the antidots͒, the situation is that considered for the quantum point contact in Ref. 20 . The four-terminal resistance is determined by Eq. ͑3͒ for M ϭN Ϫ1 transmitted channels. A positive gate voltage creates quantum dots under the gate contacts, so that the edge states near the sample border move in the same direction as the edge states around the dot, and an inverted saddle point is created. It leads to a situation similar to that of the antidot 
lattice. With no scattering between states, R xx is equal to zero. This time a decrease of the magnetic field leads to overlapping between the states and a strong mixing through the inverted saddle points near the sample border. This situation has been considered by Haug et al. for the case of a single thick barrier covering a macroscopic sample. 21 They find that for the positive voltage R xx ϭh/e 2 (M ϪN)/NM , where M is the number of channels under the gated region. Here, if the saddle points reflect one Landau level inside of the dot lattice, an additional state surrounds the lattice. Thus, M ϭNϩ1, in agreement with the experimental observations.
Because the topmost Landau level with an increase of B passes the situation from an almost transparent to a nontransparent saddle point, we can use this fact to compare experimental results with a network model. 1 As predicted in Ref. 1, the percolation threshold is equivalent to a network where the transmission coefficients of each saddle point is equal to 1 2 . Thus, in the present case, percolation occurs when
where E F is the Fermi energy at zero field, ប c is the Landau energy gap, V 0 is a potential barrier between antidots, and gB is the spin splitting. The situation can be compared to that of a normal 2DEG, where V 0 is instead given by the random impurity potential with a zero average value, so that the percolation transition is exactly coincident with the center of the Landau level. In the case where the levels are spin-split one has to take into account that the positions of the levels in a strong magnetic field do not reflect the separation of the levels but their degeneracy, and the percolation transition occurs when hB/eϭn s . The energy separation between the two last ͑spin resolved͒ is gB. Thus, because the degeneracy of the spin-split levels is a factor of 2 smaller, the percolation field B c is two times larger than for the last spinunresolved levels as can be seen in Fig. 2 .
B. Percolation transition
To study the influence of the inelastic processes on the percolation transition we have measured the T dependence of the longitudinal resistance in the range of the magnetic field where a boxlike behavior is seen. Figure 3 shows R xx in the region of the transition between the second and last Landau levels at V g ϭ0 ͑a͒ and V g ϭϪ0.7 V ͑b͒. As seen from Fig.  3͑a͒ the peak of the resistance at zero gate voltage does not assume a universal value as predicted by theory, 2,12 but depends on the temperature and shifts to a higher field. The plateau in R xx at V g ϭϪ0.7 V ͓Fig. 3͑b͔͒ remains quantized within the accuracy of the measurement for Tϳ300 mK. At higher temperatures it takes on a more rounded shape, with the peak resistance higher than the quantized value, which also shifts to higher B. The temperature range for which the plateau disappears, 300-800 mK, is much lower than the temperature range for which the quantum Hall effect vanishes in these samples, indicating a different mechanism. The transition regions from zero to the quantized resistance on both the high magnetic-field and low magnetic-field sides gets narrower for lower temperature. We should emphasize that there is no T-independent points in either the high-or low-field side of the transition region, contrary to the predictions for a percolation network. As mentioned above, because the transmission coefficient for the topmost Landau level passes from a value of 0 to 1, at some magnetic field it is equal to 1 2 , at which point a network is formed. For an ideal square antidot lattice the resistance at this field should be R xx ϭh/4e
2 . In the rectangular lattice employed in the experiments the resistance is expected to be R xx Ϸ0.3h/e 2 , in addition to the broadening of any broadening of the transition point.
As will be discussed further on, the absence of the signature of the percolation point may be due to scattering events. In order to recover the percolation point, an analogy with the quantum Hall effect in a normal sample ͑without antidots͒ is made. It has been demonstrated that the maximum of the resistance riser occurs for the same magnetic field as the maximum of the slope dR xy /dB. 10, 4 In the present situation, the longitudinal resistance plays the same role as does normally the Hall resistance, attaining a finite quantized value due to the transmission coefficients being exactly one or zero for the different Landau levels. We therefore suggest that the maximum of the slope dR xx /dB occurs at the percolation point. Figure 4͑a͒ shows dR xx /dB as a function of B, calculated numerically for the curves shown in Fig. 4͑b͒ . All curves have been fitted by a Gaussian to determine the maximum of dR xx /dB. It is seen that the maximum is shifted to higher B for higher temperatures. It occurs for a resistance value close to the universal value 0.25h/e 2 . It is now possible to shift the curves, so that the maximum occurs at the same magnetic field ͑chosen as the field of the maximum of dR xx /dB at 50 mK͒. The result of this shift is shown in Fig.  4͑b͒ , where, as a result of this renormalization, a Tindependent point is now recovered at the low magnetic-field side ͓curves at higher temperature with peaks higher than the quantized value also cross low-field transition at the same point, if the amplitude is normalized to the quantized value, but to avoid this double renormalization, they are not shown in Fig. 4͑b͔͒ . We believe that the T-independent point constructed with this procedure reflects the percolation transition of the network formed by the edge states in the antidot potential. With the same procedure a T-independent point is also recovered for different gate voltages, with R max varying slightly between 0.3 and 0.22h/e 2 . The magnetic-field shift ͑or energy shift͒ of the saddle point for increasing temperature can be explained by the increase of the scattering between electrons moving along percolation lines belonging to the highest Landau level (N ϭ1) and the Nϭ2 electrons rotating along closed loops around the potential hills ͑antidots͒. This shift due to Landau-level mixing of delocalized states, dubbed ''weak levitation,'' has been predicted recently. 17, 18 The effective change of the saddle barrier potential originates from the possibility for electrons to scatter through closed loops, thus bypassing the barrier ͑Fig. 5͒. The sign of the deviation depends on the topology of the network. In the present case there are Nϭ1 delocalized and Nϭ2 localized states, which, according to the model, produce a downward shift of the barrier, 17 in agreement with our observation. In simple terms, the scattering of an electron to an internal trajectory rotating around the antidots decreases the probability of scattering through the saddle point to the other border of the sample. To compensate this scattering, it is necessary to increase the magnetic field, and therefore the percolation threshold is shifted to the higher field. It seems reasonable that this deviation of the barrier is easier to see in the present lattice of hills than in a conventional Hall bar without antidots, where scattering by impurities is dominant. In a smooth impurity potential close to the percolation transition there can be semiclassical electron orbits around both hills and valleys, pulling the delocalized states in opposite ways, and resulting in a smaller shift than for the antidot lattice. This may be the case of the resistance risers for V g ϭ0 ͓Fig. 3͑a͒, see also Ref. 10͔, which are shifted towards higher B with temperature; however, because the value of maximum resistance also increases, it is not possible to draw any firm conclusions whether this shift is connected with ''levitation'' effects.
The weak levitation model gives the shift of the saddlepoint height approximately as ␦Eϳ␣ 2 ␥, where ␣ 2 is the coupling constant between two Landau levels, and ␥ is the characteristic parameter of the saddle point potential in a high magnetic field.
17 Figure 6͑a͒ shows the experimental shift of the last plateau with temperature for different values of gate voltage. The strong temperature dependence of the shift can be interpreted as the temperature dependence of the coupling constant ␣ 2 . Inelastic electron scattering mechanisms can be responsible for the transition of the electrons between different semiclassical trajectories in a high magnetic field. As was mentioned above, the change in the transmission probability (⌬T) through the saddle point is compensated by the scattering from the percolation level to the internal trajectory situated around an antidot: ⌬Tϳ⌬/ ϳ/ in , where is the chemical potential of the topmost level, and is the time for one electron to move along equi- potential line from one saddle point to another. In the present case ϳ/v dr , where v dr ϭ(c/eB)u 0 / is the drift velocity, and u 0 and are the typical value and the correlation length of the smooth random potential. It should be noted that in an antidot lattice u 0 can be larger than in a system dominated by the impurity potential, where it is equal to the Landau-level broadening and of the order of 1 meV. From this equation we obtain ⌬Tϳ␦E/␥ϳ/ in , so
In order to estimate the absolute value of the deviation of the saddle barrier the parameter ␥ has to be known. A typical value of ␥ can be determined from quantized resistance measurements at zero field ͑the parameter of the saddle potential y ϭ4.3 meV). 22 At Bϭ7 T this gives 0.5 meV. Transforming the magnetic-field shift at Tϭ1 K from the experiment at V g ϭϪ0.7 V into an energy shift gives ␦Eϭ(⌬B/B)gB ϭ0.08 meV, and hence a coupling constant in the order of 0.15. This value is smaller than unity, as prescribed by the weak levitation model. The results for the resistance plateau of h/4e 2 (M ϭ4, Nϭ2; see Fig. 1͒ where no shift in the percolation transition was found is also consistent with the model. For this plateau the energy gap is h c , and the shift in the percolation threshold ⌬Bϭ␦E B/ប c is much smaller than the shift measured between the Nϭ1 and Nϭ2 levels, even if the energy shift is the same. Figure 6 shows the T dependence of the percolation transition shift, which is interpreted as the temperature dependence of the coupling constant ⌬Bϳ␣ 2 ϳ1/ in . In this case in ϳT Ϫ2 ϪT Ϫ3 . To compare the absolute value of the scattering time, the parameters u 0 ϭ10 meV, and ϭ0.1 m have been used. We estimate in Ϸ4.4ϫ10 Ϫ11 s at Tϭ1 K. Two types of the inelastic scattering mechanism may be responsible for the mixing between levels: electron-electron (e-e) and electron-phonon (e-p) scattering. For a smooth random potential (ӷl ) e-e scattering has been calculated in Ref. 23 The e-e scattering rate has been calculated for Tϭ0, and is given for electrons with only a small energy above the Fermi energy by 23 
1/
where ⌬ B ϭu 0 (1/) 1/2 and 1/ D ϭ(e 2 /l ) 2 /⌬ B . Naively, one can assume that for thermal electrons ϷkT, in which case B ϳT Ϫ1 , which does not agree with the experimental dependence. Furthermore, an extremely small value of B ϭ5 ϫ10 Ϫ13 s at Tϭ1 K ( B Ӷϳd/v dr ) is obtained, even if it is assumed that the e-e interaction is screened, and reasonable values for the parameters, u 0 ϭ10 meV and ϭ0.1 m, are used. Such a small value does not agree with measurements using an electron interferometer in a high magnetic field, where an inelastic scattering time of 10 Ϫ10 s has been obtained. 25 However, this naive inclusion of a temperature dependence may not be valid, and further theoretical calculations, which explicitly take into account the T 0 case, may be necessary before a proper comparison with the experimental data can be done.
Recently, another picture of the dynamical scaling at the quantum Hall effect transition was suggested. 26 It has been argued that away from the transition point transport is governed by Coulomb blockade effect, because in this case 2DEG can be modeled as a dense array of the connected quantum dots. Assuming the new scale length, which is responsible for the temperature smearing of the QHE transition, authors obtained for the scattering rate the transition
One notes here that the temperature dependence of the scattering time due to the Coulomb interactions is close to the observed behavior, in contrast to Eq. ͑7͒. It is difficult to estimate the Coulomb interaction term in a strong magnetic field. Naively, to use parameters for 2DEG we obtain e 2 /l Ϸ10 meV, which is larger than ⌫Ϸ1 meV, and we should observe a breakdown of the integer QHE. The scattering time in this case is equal to 10 Ϫ9 c, smaller than the experimental value. Assuming, that the screening parameter in the strong magnetic field is different from Bϭ0 and e 2 /lϳ⌫ Ϸ1 meV, we obtain in ϭ10 Ϫ11 s, which is close to observed value. Thus, we are not able to definitely determine the mechanism that can play an important role in the inelastic transition in strong magnetic fields and at low temperatures. Additional arguments obviously are needed to demonstrate the role of the electron-electron scattering mechanism in a strong magnetic field. Below we show these arguments.
The dominant mechanism should also be responsible for the broadening of the percolation transition in samples with antidots ͑here we do not consider electron scattering by electromagnetic fluctuations͒.
2,27 Figure 6͑b͒ shows the dependence of the slope of the resistance riser in the transition point between zero and the quantized value at different gate voltages. The slope of the riser can be described by Eq. ͑2͒ as for the energy of the percolation transition, 4,10 with a critical exponent ϭ0.4Ϯ0.1, in agreement with other experiments for the transition between different Hall plateaus. 10 This ''universal'' value would indicate that the potential is short range, and thus ⌬ c /⌬ t Ӷ1 and kTӶ⌬ t , as discussed in the Introduction. The second inequality comes about since ⌬ t Ϸu 0 (l /) 2 , and even though ӷl ͑for the antidot potential͒ ⌬ t Ϸ1.2 K at Bϭ7 T. On the other hand, if the magnetic length is smaller than the correlation length of the random potential, the percolation level should be broadened due to the finite width of the electron compressible stripes. 28 Very recently, it was argued that a charge density wave ͑CDW͒ can be a ground state of the Landau level. 29 In this case the narrow transition may be due to CDW pinning in a smooth potential. In this case there will only be a single electron edge state around the antidots in the percolation network, which agrees with the experiments. Using a value of pϷ2, as extracted from the dependence of the saddle-point magneticfield shift ͑Fig. 5͒ in the case of electron-phonon scattering ͓case ͑c͒ above͔, a value of ϭ0.86 is obtained, which does not agree with the direct experimental determination of . This apparent contradiction is resolved if the dynamic scaling exponent zϭ1. This exponent is equal to the relevant dimensionality of the system, 30 and a unity value would imply that the scattering time in ϳL in , rather than in ϳL in 2 . z ϭ1 has previously been obtained in dynamic scaling experiments where the quantum Hall effect has been measured at microwave frequencies, 31 and suggests that the carrier transport through one-dimensional edge states determine the dimensionality of the broadening mechanism. The value zϭ1 has also been reported in a theoretical study for interacting electrons, 8 in contrast with the results zϭ2 for the noninteracting case. It is not clear that ␥ is not changed by Coulomb interactions; however, it has been suggested that the network model 1 is also valid for interacting particles. 8 As we mentioned above, recently it was argued 26 that two independent processes with energy transfer-dephasing scattering ͓scattering rate is of order T ͑Ref. 27͔͒ and inelastic scattering ͑scattering rate behaves as T 2 )-lead to the different effects. Phase breaking time is responsible for the corrections to the critical conductivity ͑in our case they are negligibly small͒. The smearing of the percolation transition is controlled by charging effects and, consequently by inelastic e-e scattering. It leads to the temperature exponent with z ϭ1 in accordance with our experiment. It arises from the fact that in Ϫ1 ϳDL in Ϫ2 . In this case we can conclude that the scattering mechanism that can be responsible for the mixing of Landau levels and shift of the transition point is e-e scattering. For e-p scattering in ϳL in and we cannot explain the critical exponent in the localization-delocalization transition.
CONCLUSION
In summary, the present experiment has allowed for a separation of the exponent p ͑the temperature dependence of the inelastic scattering rate͒, and the exponent of the temperature broadening of quantum Hall transitions. The former has been obtained from the shift of the saddle point with the temperature, and the latter from the slope of the resistance delocalization transition. The measurements indicate that electron-electron scattering is responsible for the mixing between edge states around antidots and smearing of the transition.
ACKNOWLEDGMENTS
This work was supported by CNRS ͑France͒, CNPq, and FAPESP ͑Brazil͒. G.M.G. was supported by CNPq, and U. 
